durum genome act in a redundant fashion, meaning that, in many cases, loss-of-function 23 mutations must be present in both gene copies to observe a phenotypic effect. This which can then be sequenced (Doležel et al., 2012) . Other techniques (implemented in rice) 108 include skim sequencing, which uses low coverage to obtain information about deletions or 109 duplications, as well as SNPs, across the genome (Huang et al., 2009 ).
110
Here we use the Kronos TILLING population as a case study to identify and fine-map a novel 111 locus in a tetraploid background (Krasileva et al., 2017) . We performed a forward screen of 112 the Kronos TILLING population for lines that exhibited late or early senescence phenotypes.
113
From this set, we identified a line that segregated for a dominant chlorosis phenotype and was 114 consistent across multiple years of field trials. We used mapping-by-sequencing to define the 
Methods

122
Field Trials
123
TILLING population screen 124 The initial screen of the sequenced Kronos TILLING population (N=951 M4 lines) was Table 1 ). The F1 plants were then self-pollinated to obtain 135 F2 seed (Fig. 1E) yellowing of the main flag leaf (see Figure 1A for a visual example). with a lid heated to 57°C.
200
Plant Phenotyping
268
The library pool was diluted to 2 nM with NaOH and 10μL transferred into 990μL HT1 amplified by Illustra GenomiPhi V2 DNA amplification Kit (GE Healthcare, Piscataway,
296
USA) according to (Šimková et al., 2008 by anthesis the leaf tissue of individual plants was already highly chlorotic ( Figure 1A ).
379
Quantification of chlorophyll levels confirmed that the yellow F2 individuals from both 380 populations contained significantly less pigment than green F2 individuals (p < 0.05,
381
Student's t-test, Figure 1B ). We also observed that the chlorosis phenotype predominated in Figure 8) .
We scored the K2282 F2 populations for chlorosis as a binary trait; i.e. plants were scored as 385 yellow or green (see Fig. 1A for an image of yellow (MP/F2M) and green (WT) flag leaves).
386
We confirmed that our visual scoring of the plants corresponded to the true chlorotic 
396
The YES-1 locus maps to the long arm of chromosome 3A
397
To map the trait, we carried out bulked segregant analysis on the two independent would also have been lost.
409
We initially focussed our analysis on the K2282-28 population and calculated the ratio of the Figure 9) .
422
To validate this mapping, we developed KASP markers for the SNPs within and surrounding 
429
Leaf chlorosis precedes anthesis but is inconsistent across environments.
430
To further characterise the phenotype, individual lines which were genotyped as completely 
465
We then investigated weather-related environmental variation across the two field sites and 
488
In order to maximise our ability to discover novel SNPs in the YES-1 region, we carried out a Table 5 ). The SNPs underlying markers SH838 and SH179, initially 514 identified in the exome capture data, were also recovered in the Kronos genome, validating 515 the use of this method. KASP primers were designed for a subset of the SNPs and were used,
516
together with the previous phenotypic data, to map YES-1 to a 6.6 Mb region between 517 markers SH123480 and SH59985 ( Figure 4A ).
518
To obtain more markers across the region, we also called SNPs against the Chinese Spring highly irregular which we hypothesised was due to mismapping and spurious SNP calling in 533 repetitive regions.
534
To reduce the impact of repetitive regions on SNP calling, we extracted SNPs only from 535 regions encompassing 1 Kb up and downstream of annotated genes within the YES-1 region.
536
Following manual curation of SNPs, we identified a set of 15 SNPs that were located near 537 genes within the annotated region (Supplementary Table 6 ). Of these SNPs, three were Table 7 ). This set of genes includes a putative magnesium transporter, 
590
Here we have demonstrated that novel dominant alleles can be identified in chemically- 
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